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571 ABSTRACT
An apparatus 1s disclosed for regulating the flow of so-
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lution from a fluid reservoir to the vein of a patlent
All of the embodiments of the present invention in-
clude a first fluid chamber having an inlet and a dis-
charge port and means disposed within a first fluid
chamber for maintaining the level of solution therein
between upper and lower levels. In all of the embodi-
ments of the present invention, an upper and lower-
valve seat is provided within the first chamber which
interacts with a float or floats contained therein to
from two valve mechanisms which maintain a constant
rate of flow of solution independent of the initial
height or variations in height of solution contained
within the reservoir during its depletion. In two of the
embodiments of the present invention, a second fluid
chamber is coupled to the first fluid chamber by
means of a drip chamber which permits the visual
counting of the rate of flow of solution from the first

- chamber to the second fluid chamber. The second

fluid chamber is also provided with an intake and a

- discharge port that have valve seats disposed in close
- proximity thereto. A float is disposed within the sec-
- ond chamber for regulating the level of solution con-

tained therein between an upper and a lower level.

The float in combination with the valve seats forms
upper and lower valve mechanisms which prevent the
intake or discharge of solution from the second fluid
chamber when the level of solution contained therein
respectively reaches the upper and lower levels and
maintains the rate of flow of solution through the sec-
ond fluid chamber at the same rate maintained
through the first fluid chamber. Additionally, the sec-
ond fluid chamber regulates the flow rate of solution
at all times within a rate of flow which may be safely
tolerated by the patient.

6 Claims, 5 Drawing Figures
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* AUTOMATIC FLOW CONTROL AND AUTOMATIC
SHUT OFF FOR INTRAVENOUS FEEDERS

DERIVATION OF THE INVENTION

3,989.043

S :

The invention described herein is made by an em-

ployee of the United States Government and may be
manufactured and used by or for the government for
governmental purposes without the payment of any
royalties thereon or therefor. |

BACKGROUND OF THE INVENTION

1. Field of the Invention -

The invention relates generally to apparatus for regu-
lating the flow of solution from a reservoir into-the vein
of a patient and more particularly to solution flow regu-
lating apparatus of the type which automatically main-
tains a constant rate of flow of solution into the vein of
the patient and also shuts off the flow of solution into
the patient’s vein when the solution reservoir becomes
~empty to prevent the introduction of air.
2. Description of the Prior Art . -
- U.S. Pat. No. 3,105,551, issued to Murphy, discloses
~ an infusion safety valve which prevents the introduc-
tion of air into the patient’s veins by means of an intra-
- venous solution administering appartus. Murphy’s in-
‘vention comprises a bipartite chamber having inlet and
discharge ports which are respectively adapted to be
coupled to a solution reservoir and to the vein of the
patient to whom the solution is being administered. The
two chambers consist of an upper and a lower chamber.
‘The lower chamber contains a float which has a piece
of magnetic material mounted on its bottom. A piece of
ferromagnetic material is mounted on the outside bot-
tom surface of the lower chamber. When the solution
- contained within the lower chamber reaches a lower
level, magnetic attraction between the float and the
bottom of the chamber seats the float on the discharge
port to prevent discharge of solution. Murphy, unlike
‘the present invention, does not include any means con-
tained within the fluid chamber for maintaining the
flow of solution through the chamber at a constant rate
independent of its initial height or variations in height
- of the solution level contained within the reservoir
during depletion thereof. Additionally, Murphy’s float
does not regulate the upper level of solution which may

be contained within the fluid chamber. o
U.S. Pat. No. 2,844,147 issued to Beacham, U.S. Pat.
No. 3,216,419, issued to Scislowicz, and U.S. Pat. No.

3,656,505 issued to O’Brian, each disclose an appara-

- tus disposed within a drip chamber which is part of an
intravenous feeding apparatus that prevents the intro-
~duction of air into the vein of the patient. Each of these

- devices utilizes a float-type device which functions as a
valve to prevent the discharge of solution from the drip

10

| 2 I
- SUMMARY OF THE INVENTION _
The disadvantages and limitations of the prior art
intravenous flow controlling apparatus are obviated by

the present invention which provides an intravenous
solution flow control apparatus which prevents the

introduction of air into the vein of the patient by adrip

chamber and maintains a constant rate of solution flow
into the vein of the patient independent of its initial
height or variations in height of the solution reservoir

- while the solution reservoir is being depleted.
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The preferred embodiment of the present invention
may be summarized as follows. A first fluid chamber is
provided having inlet and discharge ports. Upper and
lower valve seats are located in proximity to the inlet
and discharge ports. A float is contained within the first

fluid chamber. The float and valve seats regulate the
level and maintain a constant rate of flow of solution

through the first chamber independent of its .initial

height or variations in height of the solution reservoir
~coupled to the inlet port. The top part of the fluid o

chamber has a sharp tip projecting vertically upward -
which 1s adapted to be inserted into a rubber stopper

contained within the fluid reservoir. Disposed around =

the sharp tip is an annular recess defined by a vertical
wall projecting upward from the top surface of the first
fluid chamber. An air vent is cut in the channel of the o

© recess to couple the outside atmosphere with the inside

30

of the first fluid chamber. A longitudinal slot is cut in

the outside surface of the sharp tip between a point

close to the tip and the bottom of the an gular recess to

permit coupling of the outside atmosphere with the

- fluid reservoir when the sharp tip is inserted into the

35

_ to the intake port. The top of the float has a projection

40

rubber stopper. A conduit is cut in the sharp tip to
permit coupling of the interior of the first fluid cham-
ber with the solution reservoir when the sharp tip is

Inserted in the rubber stopper. A conical valve seat is
cut in the interior of the first fluid chamber in proximity

extending vertically upward to guide vertical move-
ment of the float axially within the conical intake valve
seat. An O-ring is disposed on top of the float and

- around the vertical projection to produce a valve which

45

30

35

functions to prevent the flow of solution into the first
fluld chamber when the solution level contained
therein is at its upper level. The float contains at least
one air entrapping compartment and at least one fluid
entrapping compartment. The bottom of the float has a
conical projection extending downward therefrom. The
downward projection forms a valve which communi-
cates with a conical valve seat which is axially aligned
therewith and which is located in proximity to the dis-
charge port. The conical valve and valve seat maintain
a rate of flow of solution through the first fluid chamber
which is linearly variable between low and high levels -
as a function of the vertical position of the float with

- respect to the conical valve seat. A second fluid cham-

- chamber when the level of solution contained therein -

‘becomes sufficiently low so that there is a danger of air
being introduced into the vein of the patient through
- the drip chamber. Each of these devices differs sub-
‘stantially from the present invention in that the respec-
tive floats do not maintain a constant rate of flow of

solution through the drip chamber independent of its 65

“initial height or variations in height of the solution

reservoir; nor do they maintain the level of solution in

the drip chamber between a lower and an upper level.

60

ber having inlet and discharge ports is coupled to the

first chamber. A float is contained in the second fluid

chamber. An intake and a discharge valve seat are

respectively located in proximity to the intake and
discharge ports. The function of the second fluid cham-

- ber and associated apparatus is to control the rate of h

solution flow to the patient’s vein between maximum .
and minimum levels and to maintain the same steady
rate of flow of solution that is maintained in the first

fluid chamber. The float has a vertical projection ex-

- tendihg upward therefrom to form a guideway to keep
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the axis of this float parallel to the principal axis of the

apparatus and particularly with the discharge port of
the lower chamber. The bottom of the float has a pro-
- jection extending downward which functions as a valve

- which cooperates with the discharge valve seat. The
float contains at least one solution-entrapping compart-
ment and at least one air-entrapping compartment to
compensate for the variation in the buoyant force ex-
erted by solutions of different density. A drip chamber
having transparent walls is coupled between the dis-
charge port of the first fluid chamber and the intake
port of the second fluid chamber to permit counting of
“the rate of solution flow. The position of the drip cham-
~ ber is vertically moveable with respect to the first and
second fluid chambers to permit adjustment of the
- discharge flow impedance of the first chamber. Adjust-
ment of the vertical position of the drip chamber 1s
produced by moving upper and lower cylindrical pro-
jections associated with the drip chamber with respect
to axial sleeves projecting from the first and second
chambers, an air conduit is provided which couples the
first and second fluid chambers. |

 While the invention has been summarized in terms of
its preferred embodiment, it is to be understood that
the present invention also embraces alternative em-
bodiments which will be fully described in the detailed
description of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional schematic of the preferred em-
bodiment of the present invention,;
FIG. 2 is a sectional schematic of an alternative em-
bodiment of the present invention, |
FIGS. 3-5 are further embodiments of the invention.
Referring to FIG. 1, there is shown an automatic flow
control and automatic shut off for intravenous feeders
10 that is constructed according to the present inven-
tion. A first fluid chamber 12 is provided having an
intake port 14 and a discharge port 16. Float 18 dis-
posed within the first fluid chamber 12. The fluid
chamber 12 has a circular wall 20 extending upward
from its top surface which defines an annular recess 22
having a vent 24 cut through the bottom of recess 22
that couples the outside atmosphere with the interior of
chamber 12. Projecting vertically upward from fluid
chamber 12 is a sharp tip 26 having two channels re-
spectively 28 and 30 cut therein. The first channel 28
extends from near the tip of projection 26 down into
the annular recess 22 to couple the outside atmosphere
with a solution reservoir. The second channel 30 1s
adapted to couple the solution reservoir with the inter-
ior of the first fluid chamber when the sharp tip 26 is
inserted into a rubber stopper contained within the
solution reservior. The circular wall 20 has radial slots
cut therein which are designed to admir air to the re-
cessed portion as the unslotted sections of 20 limit the
motion of the present invention as it 1s thrust into the
rubber stopper of the solution reservoir. The annular
recess 22 is adapted to hold a sterilized cotton washer
filter. The float 18 contains at least one air-entrapping
compartment 32 which makes float 18 highly buoyant
when suspended in a solution contained within the fluid
“chamber 12. At least one fluid-entrapping compart-
ment 34 is provided for entrapping solution as it passes
from the intake port 14. Extending vertically upward
from float 18 is projection 36. Conical intake valve seat
38 is provided in close proximity to intake port 14.
O-ring 40 is disposed on top of float 18 and centered

4

around projection 36 to form a valve which functions
to prevent the intake of solution when the level of

~ solution within the fluid chamber 12 reaches an upper

10
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level. Conical projection 42 extends vertically down-
ward from float 18 to form a valve. Conical discharge
valve seat 44 cooperates with valve 42 to prevent the
discharge of solution from the first fluid chamber 12
when the level of solution within the first fluid chamber
12 is at a lower level. The primary functions of the float
18 and valve 38 are to maintain a constant fluid level
within fluid chamber 12 independent of the initial
height or variations of height in the solution contained
within the solution reservoir during its depletion and to
maintain the solution level contained in fluid chamber
12 between a lower and an upper level. Similarly, float
18 and valve seat 44 comprise a means disposed within
the first fluid chamber 12 for maintaining a constant
rate of flow of solution independent of its initial height
or variations in height of the solution in the solution
reservoir during its depletion. The bottom 46 of the
fluid chamber 12 extends vertically downward to form
a hollow cylindrical boss 48. A drip chamber 50 s
provided which has an extended cylindrical section 32

of smaller cross sectional area which is fixedly engaged
by boss 48. Section 52 of the drip chamber 50 may be

either interference fit within boss 48 or it may be

threadedly engaged therewith. Adjustment of the verti-
cal position of drip chamber 50 with respect to valve 42
adjusts the flow impedance of discharge port 16. This
adjustment acts as a control of the flow rate of solution
passing through the first chamber, by control of fluid
discharge impedance; the primary rate also being con-
trolled by the solution level in fluid chamber 12. The
flow impedance of discharge port 16 is designed to be
higher than the flow impedance of intake port 14 to
permit the filling of fluid chamber 12 with solution.
Drip chamber 50 is provided with transparent walls
which permit the visual inspection of the rate of flow of
solution passing through fluid chamber 12. A second
fluid chamber 54 is coupled to fluid chamber 12
through drip chamber 50. Chamber 54 has an intake
port 56 and a discharge port 58. A float 60 is provided
which contains at least one fluid entrapment compart-
ment 62 and at least one air entrapment compartment

64. The overall density of the float 62 is just slightly less
than the least dense solution which is to be adminis-
tered. Projecting upward from float 60 is conical intake
valve 66. Intake valve seat 68 functions in combination

‘with valve 66 to limit the intake of solution into the

second fluid chamber when the level contained therein

reaches an upper level. Extending downward from the

bottom of float 60 is projection 66. Conical discharge
valve seat 68 is disposed in proximity to discharge port
58 of the fluid chamber 34. The lower valve mechanism
which is comprised of valve seat 68 and float 60 may be
either a pulsatile type as shown or a continuously vari-
able type. The continuously variable type has a flow

- impedance which is high enough to limit the flow from

60

65

the second fluid chamber to a minimum included
within the range of the present invention when the
second fluid chamber is empty and which is low enough
to allow a maximum flow rate when the solution level is
high, and is smoothly variable between these limits as a
function of the vertical position of float 60 with respect
to the conical valve seat 68. In the case where the rate
of flow of valve 70 is continuously variable, valve 70

consists. of a conical projection disposed in the same
axial position as alignment projection 66. The function
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of the lower valve mechanism is to prevent the dis-

charge of solution from the second fluid chamber when
the solution level 1s below a lower level. The upper wall

74 of the second fluid chamber 54 extends vertically -

‘upward mto cylindrical hollow boss 76. Drip chamber

50 extends downward into an extended cylindrical

section 78 of smaller cross sectional area which fixedly
engages the nside of boss 76. The fixed engagement of
boss 76 with extended section 78 of drip chamber 50
may be by either a force fit or by threaded engagement.
Extending between the first fluid chamber 12 and the
second fluid chamber 54 is a conduit 8 which couples
‘the air space in the second fluid chamber 54 with the
air space 1n the first fluid chamber 12 and to the outside
atmosphere. The corresponding section 82 provided on
the other side of the invention is of solid rather than
- tubular construction and supplies structural strength
but does not link the air spaces in the first and second
fluid chambers. Wall 82, like drip chamber 50, is made
of transparent material so that the solution drip rate in

10

15

20

chamber 50 can be readily observed. The displacement

of fioat 60 1s designed to be almost as large as the dis-

placement of the second fluid chamber 54. As a result
- of this design, any increase or decrease in the output
flow from chamber 54 will cause only a momentary
output flow rate above or below flow limits which may
be safely sustained by a patient until the float limits the
flow rate back within a safe rate. |

The preferred embodiment has a number of advan-
tages which facilitate its use. The upper float control
may be made in a single molding process. The external
exposure of all of the surfaces of the upper float permit
sterilization by exposure to appropriate gases. The fluid
‘entrapment compartments provided in the upper and
lower floats permit compensation for density variations

in different solutions which may be administered to a

- patient. Venting of the first and second fluid containers
with the outside atmosphere permits the invention to
function independent of variations in air pressure. The
venting of the first and second fluid chambers is by a
common passageway which minimizes the space re-
quirements of the apparatus. Venting of the air spaces
above the first and second fluid chambers and the res-
ervoir 1s through a common opening which does not
require side ejection additions to the normal plastic
mold used in fabrication. A pulsatile continuously ac-
tive valve action regulating the discharge of fluid from
“the second chamber is possible. A transitory variation
in the impedance of the output tube coupling the dis-
charge port of the second tluid compartment with the
patient’s vein is possible without changing the steady
state feed rate. | o

Referring to FIG. 2, there is shown an alternative
“embodiment 90 of the present invention. A first fluid
chamber 92 is provided having an intake port 94 and a
discharge port 96. Float 98, valve seats 100 and dis-
charge port 102 are provided within chamber 92 to
maintain a constant height of solution 6 in the chamber
106 which is independent of its initial height or varia-
~ tions in height of the solution in the source reservoir
during its depletion and to regulate the fluid discharge
rate from chamber 92. Chamber 92 is formed from a

pair of telescoping containers 104 and 106. Containers

25

30

35
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6

produce this denmty, the float contains an entrapped

air spaee 107 and a filler material 110. Discharge port

96 1s constructed from a piece of perforated conduit to
provide the desired solution flow through the first
chamber at-the fluid helght determined by float 98
when 1t 1s pressed against input port 100. When the
level of solution contained within fluid chamber 92
reaches its upper level, the top of float 98 seats against
valve seat 100 to prevent further entry of solution.. .
Float 98, upper valve seat 100 and lower discharge port
102 comprise a means disposed within the first fluid
chamber for regulating the level of solution contained
within the chamber and for maintaining a constant rate
of flow of solution independent of the initial height or
variations in height of the solution in the solution reser-
voir during its depletion. Partition 114 divides the first
fluid chamber 92 from the second fluid chamber 120.

“A drip chamber 118 located within the second cham-

ber 120 permits the counting of the rate of flow of
solution through the first fluid chamber 92. The second
fluid chamber 120 extends downward from partition
114. Tip 126 of discharge port 96 forms drops that are
visible within the drip chamber 118. Valve seat 129 is
located in the bottom of the fluid chamber 120. Float
130 1s disposed within the second chamber 120. Coni-
cal valve seat 129 is located at the opening of discharge
port 128. Float 130 is slightly less dense than the least
dense solution which is to be administered by the pre-
sent invention. This density is produced by havmg an
air space 134 and a filler space 136 which contains a

material which 1s more dense than the densest solution

which is to be administered by the present invention.

Conical valve seat 129, float 130 and valve 132 com-
prise a means disposed within the second fluid chamber
for regulating the level of the sclution within the cham-
ber 120 for maintaining the rate of flow of the solution
at the same rate as the rate of flow of solution through
the first fluid chamber 92 and for closing discharge port
128 1f the fluid level in the second chamber 120 falls
slightly because the incoming fluid flow through dis-
charge port 96 is smaller than the discharge flow
through 128.

Referring to FIG. 3, there is  shown a further embodi-
ment of the present invention which may be described
as follows. A first fluid chamber 140 is provided having
an intake port 142 and a discharge port 144, Chamber
140 1s constructed from two telescoping containers 146
and 148. To increase the solution which may be con-
tained within the chamber 140, outer container 146 is
slid upward with respect to container 148. Disposed in
close proximity to intake port 142 and discharge port
144 are respectively intake valve seat 150 and dis-
charge valve seat 152. Float 154 consists of a hollow
cylindrical container closed at its upper end and open
at lower end and so disposed within chamber 148 that
it surrounds a second float 156. Intake valve seat 150 is
located at the tip of intake port 142. Float 154 seats

~ firmly on intake valve seat 142 to prevent the intake of

60

solution into fluid chamber 140 when the level of solu-

‘tion reaches an upper limit. The second float 156 is

- disposed within the first float 154. Float 156 has a top

- 104 and 106 are axially moveable with respect to each

other to permit varying of the upper level of solution
within fluid chamber 92. Float 98 is designed to be
substantially less dense that the least dense solution
which will be introduced into fluid chamber 92. To

65

158, a body 160 which includes air chamber 162 and
filler material 164. The densny of the filler material
164 1S chosen to lmpart an average densny whlch IS

which is to be admlmstered through the fluid chamber

140. The bottem of float 162 is disposed closest to

lower valve seat 152 to form a valve which prevents
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theh discharge of solution from fluid chamber 140

when the level of solution falls to a lower level. Adjust-
ment in the rate of flow of solution is produced by the

displacement of telescoping container 146 with respect
- to 148 to vary the upper level of solution contained

The embodiment illustrated in FIG. 4 is substantially
the same as the one shown in FIG. 3. The difference
- resides in modifications made in the float structure.
The remaining structure is identical to that described in
conjunction with FIG. 3, and will not be discussed in
detail. Float 168 is comprised of air chamber 170 and
a filler material 172. The top of float 168 seats against
valve seat 176 which is disposed on the end of the
intake port 174. The overall density of float 168 1s
* designed to be substantially less than the density of the
least dense solution being fed into the fluid chamber
170. Float 168 functions to prevent the solution level
from going above an upper level. The second float 178
- consists of a container having a continuous closed wall
which forms two openings; one opening being closed by
filler material 180. The second float 168 fits inside the
float 178 through the remaining opening. The filler
material 180 in combination with solution contained
therein and float 168 imparts on overall density to float
178 which is slightly less dense than the least dense
solution which is to be administered through the fluid
chamber. The bottom float 178 seats against a valve
seat 182 which is disposed at the tip of the discharge
‘port 184. The second float 178 prevents the level of
solution from going below a lower level.

Referring to FIG. 5, discussion of the embodiment
illustrated therein will be limited to the details of the
float structure which differ from float structure of the
preceeding two embodiments illustrated in FIGS. 3 and
4. Floats 186 and 192 have the same geometric config-
uration but are positioned within the fluid chamber
with respect to each other with like geometric parts in

- an inverted orientation. Float 186, which regulates the

upper level of solution contained within the fluid cham-
ber, is comprised of two parts 188 and 190. The cross-
sectional area of part 188 when viewed from a plane
which is disposed perpendicular to the axis of the fluid
chamber is larger than the cross-sectional area of the
second section 190. All of the first section 188 and
most of the second section 190 is filled with air. The
bottom of section 190 has a filler material 192 which is
used to impart increased density to float 186. The den-
sity of float 186 is designed to be substantially less than
the least dense solution which is being administered
through the fluid chamber. Section 188 is joined to
section 190 so that the centroids of the aforementioned
cross sections are offset with respect to each other. The
density of float 192 is designed to be slightly less dense
 than the least dense solution that is administered
through the first fluid chamber. The cross-sectional
area of part 196 when viewed from a plane which 1s
disposed perpendicular to the axis of the fluid chamber
is larger than the cross sectional area of section 194.
The first part 194 of float 193 is filled with air. The
second part 196 of float 193 is substantially filled with
3 filler material. Section 194 is joined to section 196 so
that the centroids of the aforementioned cross sections
are offset with respect to each other.

Plastic is the preferred material from which all of the
embodiments of the present invention are constructed.
However, it should be apparent to those skilled in the
art that other moldable materials may be used with

equal facility.

10

8
OPERATION

The general mode of operation of the present inven-
tion is common to all of the embodiments described
supra. Accordingly, if possible, the specific operation
of all the embodiments of the present invention will be
described in general terms which are generic to all of

the embodiments. The upper float regulates the intake
of solution into the first fluid chamber or in case of
embodiments 3-5 into the fluid chamber. When the
level of solution rises, this float rises in the chamber to
the point where it seats against the intake valve seat of

~ ‘the chamber to prevent the introduction of additional

15

20
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solution. When the solution level drops, the upper tloat
drops allowing introduction of additional solution. The
upper float thus regulates the rate of discharge of solu-
tion from the reservoir supplying fluid to the first fluid
chamber in such a way that the level of fluid in that first
fluid chamber is constant and independent of the vary-
ing level of the fluid in the reservoir as the fluid supply
in the reservoir is being depleted. |
Each embodiment contains further a lower tloat ar-
ranged so as to activate a valve controlling the dis-
charge of fluid from the lower reservoir and into the
-V tubing. When the solution level rises above the
lower level, the float or the lower float rises to unseat
the float from the discharge valve seat to permit dis-
charge of solution. In the case of embodiments contain-
ing a tapered lower valve seat, or one otherwise ar-
ranged so as to allow gradual adjustment of the flow
impedance, the lower float maintains a steady state
discharge flow rate which is equal to the rate of solu-
tion flowing through the fluid chamber and determined
by the controlled fluid height in the first chamber. In
the case of embodiments containing a lower discharge
valve designed to provide precipitous closure and
opening, the lower valve operates in a “switched”
mode, a drop of fluid entering the fluid chamber causes
the lower float to rise slightly. The increased height of
the fluid reduces the flow impedance of the lower ex-
haust port allowing the float to return to a stated posi-
tion. Since the seated valve is fully closed, the fluid in
the I-V tube acts to apply a downward pressure on the
valve seat of the lower float, causing it to seat firmly
and seal completely. The seal is maintained until entry
of another drop of fluid falls into the chamber to reiniti-
ate the cycle. In all embodiments, the tlower valve seat
is designed to provide full closure when flow from the
supply reservoir is stopped by depletion of its supply or
by its disconnection, during replacement of the supply,
for example. The rate of flow of solution through the
first fluid chamber or through the fluid chamber is

~ determined by counting the rate of drop formation

35
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within the transparent drip chamber. In the case of the
embodiments having a second fluid chamber, solution
is introduced into the second fluid chamber via the
intake port. The float and associated valves, which are
similar to those used in the first fluid chamber, regulate
the solution level between upper and lower levels and

maintain a rate of steady state discharge from the sec-

ond fluid chamber which is equal to the rate of flow of
solution through the first fluild chamber. When the
impedance of the line coupled between the discharge
port of the second fluid chamber and the patient’s vein
either increases or decreases, the flow rate decreases or
increases correspondingly until the float within the
second chamber assumes a position or alternately
closes and opens in a manner to imit the rate of solu-
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tion flow within a range of flow rates sustainable by the
patient. These limit flow rates are determined by the
impedance of the intake and discharge ports of the
second fluid chamber. To insure that the float is “fast”

in regulating the flow rate from the second chamber to >

the patient’s vein, the volume of the float is designed to

displace almost all of the volume of the second fluid
 chamber.

‘While the invention has been described in terms of a
preferred embodiment, and other embodiments, it
should be understood that numerous modifications
may be made to any of the embodiments which do not
depart from the spirit and scope of the invention. Ac-
cordingly, it is intended that all such modifications fall 5
within the scope of the appended claims.

What I claim as my Invention is;

1. An apparatus for regulatmg the rate of flow of
solution from a fluid reservoir to the vein of a patient,
the combination comprising:
~a. a first fluid chamber having intake and dlscharge

ports, said intake being adapted to be connected to
said fluid reservoir and said discharge port being
adapted to be coupled to the vein of said patient;

b. means disposed within said first fluid chamber for

regulating the level of said solution contained
within said chamber for regulating the level of said
solution contained within said chamber between a.
lower and an upper level and for maintaining a
constant rate of flow of solution independent of the
initial height or variations in height of the solution
in said fluid reservoir during its depletion;

c. a second fluid chamber having an intake and a

~discharge port, said intake port being coupled to

said discharge port of said first chamber, said dis- 3
‘charge port of said second chamber being adapted
- to be coupled to the vein of said patient;
d. means disposed within said second fluid chamber -
- for regulating the level of solution contained within
~ said second chamber between a lower and an upper
level and for maintaining the steady state rate of
tflow of said solution from said second fluid cham-
ber at the same rate as the rate of flow of solution
- from said first fluid chamber;

e. said means disposed within said second fluid cham-
- ber for regulating the level of solution in said sec-

-~ ond fluid chamber comprising an upper and lower

~ valve seat disposed in proximity to said intake and

- discharge ports, respectively, and a float disposed
- within said second fluid chamber, said float being

- vertically movable within said second fluid cham-

ber upon application of buoyant force by said solu- |
~ tion, said float seating against said upper valve seat
 to prevent the introduction of solution into said

- second fluid chamber from said first chamber when
-~ said solution level within said second fluid chamber
. is at the upper level and said float seating against
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“said lever valve seat to prevent the discharge of

- solution from said second fluid chamber when the 60
~ solution level within sa:d second fluid chamber s at
~ the lower level; and - R S
f a drip chamber having transparent walls and dis-
- posed between the discharge port of said first fluid
chamber and the intake port of said second cham- 65
ber for forming drops of said solution to perrmt the
“counting of the rate of solution flow from sald ﬁrst
chamber to said second fluid chamber.
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2. In an apparatus for regulatlng the rate of ﬂcw cf
solution from a fluid reservoir to the vein of a patient as
recited in claim 1 further comprising:

a. said discharge valve seat of said second ﬂu1d cham-

~ ber being conical in shape;

b. a vertical projection extending downward from
said float disposed in said second chamber to guide
said float axially within said conical valve seat; and
. an O-ring disposed on said float and around said
vertlcal projection which is adapted to form a seal
with said conical valve seat.

3. In an apparatus for regulating the rate of ﬂcw of
solution from a fluid reservoir to the vein of a patient as
recited in claim 1 further comprising: |

a. said discharge valve seat of said second ﬂllld cham-
ber being conical; and

b. a conical valve extending downward from said
float, said valve having a linearly variable flow
impedance between a low and high level which is a
function of the vertical position of the float with
respect to the second fluid chamber.

4. An apparatus for regulatmg the rate of flow of

solution from a fluid reservoir to the vein of a patient,

the combination comprising:

a. a first chamber having intake and discharge ports,
~ said intake port being adapted to be connected to

said fluid reservoir and said discharge port being

adapted to be coupled to the vein of said patient;
b. means disposed within said fluid chamber for regu-
lating the level of said solution contained within
said chamber between a lower and an upper level
and for maintaining a constant rate of flow of solu-
tion independent of the initial height or variations

L

in height of the solution in said fluid reservoir dur- .

“Ing its depletion; |

c. a second fluid chamber having an intake and a
discharge port, said intake port being coupled to
said discharge port of said first chamber, and said
discharge port of said second chamber being

adapted to be coupled to the vein of said patient;
d. means disposed within said second fluid chamber
for regulating the level of solution contained within
said second chamber between a lower and an upper
level and for maintaining the steady state rate of
flow of said solution from said second chamber

container at the same rate of flow of solutlcn from
said first fluid chamber; |
e. said means disposed mthm said second fluid cham-
ber for regulating the level of solution in said sec-
“ond fluid chamber comprising an upper and lower
valve seat disposed in proximity to said intake and
discharge ports, respectively, and a float disposed
within said second fluid chamber, said float being
- vertically movable within said second fluid cham-
~ ber upon application of buoyant force by said solu-
~ tion, said float seating against said upper valve seat
to prevent the introduction of solution into said
second fluid chamber from said first fluid chamber
when said solution level within said second fluid
- chamber 1s at the upper level and said float seating
~ against said lower valve seat to prevent the dis-
charge of solution from said second fluid chamber
~when' the solution level within said second fluid

chamber is at the lower level;

1. a vent hole cut in the top of said first fluid chamber
~ to couple said first fluid cclntamer with the 0uts:de |
atmosphere; |
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 g. a wall extending from said first fluid chamber to

said second fluid chamber and surrounding said

first fluid chamber discharge port and said second
fluid chamber intake port, said wall having an air

.. compartment,

12

) partment and at least one separate air entrapping
'said liquid entrapping compart-
‘ments each having an opening for accepting solu-
“tion passing through the intake port of said first

ductwork connecting the interior of said first fluid > chamber to vary the density of said float disposed
chamber with the interior of said second fluid ~ within said first chamber as a function of the den-
chamber; o | sity of said solution contained in said fluid reser-
h. said fluid chamber having a wall with a sharp tip voir; and |
projecting upwardly which 1s 3d3pt_3d to be in- g. said float dlsposed in said second fluid chamber
serted into a rubber stopper located in the bottom 19  fyrther comprising at least one liquid entrapping
of said fluid reservoir; said wall having an annular compartment and at least one separate air entrap-
~ TeCess surrounding the base of said sharp th, ping compartment, said liquid entrapping compart-
1. an annular sterilizable air filter Contalned ln said ments each having an Opening for accepting solu-
‘Tecess; (s tion passing through the intake port of said second

j. a conduit within said tip for coupling said fluid
reservoir to the interior of said first fluid chamber;
and

chamber to vary the density of said float contained
in said second fluid chamber. |
6. An apparatus for regulating the rate of flow of

k. an exterior slot extending from the upper end of

solution from a fluid reservoir to the vein of a patient,
said tip to said recess whereby the atmosphere can

the combination comprising:

reach the interior of said fluid reservoir via said 20

filter when said tip is inserted in said rubber stop-
per.

5. An apparatus for regulatmg the rate of tlow of

solution from a fluid reservoir to the vein of a patient,

a a first fluid chamber having intake and discharge
ports, said intake port being adapted to be con-
nected to said fluid reservoir and said diScharge
port being adapted to be coupled to the vein of sard
patient;

the coxtr_lbitntaltio; Cﬁ) mpbﬁSiIi'lg: o intake and disch 2 b. means disposed within said ﬁrst ﬂuld chamber for
@ o fis T chamoer hving intake and Jieharte " reglating the lvel of said soion conained
nected to said fluid reservoir and said discharge ;21:211 I;Ezlgof_hliﬁﬁgigieyze&i;;fI;aa:le Oi.nﬂl;l:vpg;
port being adapted to be coupled to the vein of said tution independ fg he initial heioh .
patient; 30 SO utron Indepen ent o t. € ll_lltla- eigl tor varia-
b. means including a float disposed within said first ton 1n helght of'the solution in said fluid reservoir
fluid chamber for regulating the level of said solu- dur;ng 1t:21 dg pilceltlolp, ber havi —_— p
tion contained within said chamber between a ~ C. a second Huid chamber having an intake and 4
lower and an upper level and for maintaining a dlacha_rge port, said intake port being coupled to
constant rate of flow of solution independent of the 33 Sa.ld discharge port of ?’md first chamber, and S.ald
initial height or variations in height of the solution discharge port of said second chamber hemg
i said fluid - adapted to be coupled to the vein of said patient;
c. a second fluid chamber having an intake and a d. means disposed within said second fluid chamber
' discharge port, said intake port being coupled to for regulating the level of solution contained within
’ 40 said second chamber between a lower and an upper

said discharge port of said first chamber, and said
discharge port of said second chamber being
adapted to be coupled to the vein of said patient,
d. means disposed within said second fluid chamber
for regulating the level of solution contained within

~ said second chamber between a lower and an upper 43

level and for maintaining the steady state rate of
flow of said solution from said second chamber at
the same rate as the rate of flow of solution from
said first fluid chamber;

level and for maintaining the steady state rate of
- flow of said solution from said second chamber
~ container at the same rate as the rate of flow of -
solution from said first fluid chamber;

-e. said means disposed within said second flutd cham-

ber for regulating the level of solution in said fluid
chamber comprising an upper and lower valve seat
disposed in proximity 10 said intake and discharge
ports, respectively, and a float disposed within said

e. means disposed within said second fluid chamber >0 second fluid chamber upon application of buoyant
for regulating the level of solution in said second force by said solution, said float seating against said
fluid chamber comprising an upper and lower valve upper valve seat to prevent the introduction of
seat disposed in proximity to said intake and dis- solution into said second fluid chamber from said
charge ports, respectively, and a float dlgposed | first fluid chamber when said solution level within
within said second fluid chamber, said float being 33 said second fluid chamber 1s at the upper level and
vertically movable within said second fluid cham- said float seating against said lower valve seat to
ber upon application of buoyant force by said solu- prevent the discharge of solution from said second
tion, said float seating against said upper valve seat fluid chamber when the solution level within said
to prevent the introduction of solution into said second fluid chamber is at the lower level;
second fluid chamber from said first fluid chamber 60 f. said intake valve seat of said first fluid container
when said solution level within said second fluid being conical;
chamber is at the upper level and said float seating g. a vertical projection extending. upward from said
against said lower valve seat to prevent the dis- float of said first fluid container to guide said float
charge of solution from said second fluid chamber ‘axially within said conical valve seat; -
when the solution level within said second fluid ©3 h. an O-ring dlsposed on said float of said first fluid

chamber is at the lower level,
f. said float disposed in said first fluid chamber tfur-
ther comprising at least one liquid entrapping com-

container and around said vertical projection
- which 1s adapted to form a seal with said conical
valve seat of said first fluid container;
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1. a drip chamber having a top, a bottom, a transpar-
- ent wall and disposed between the discharge port
- of said first fluid chamber and the intake port of
sald second chamber for forming drops of said
solution to permit the counting of the rate of solu-
tion flow from said first chamber to said second
chamber;

). said discharge valve seat of said first fluid container

being conical and connected to the top of said drip

chamber;

k. a conical projection extending downward from

sald float of said first fluid container to form a valve

which is movable with respect to said discharge
valve seat of said first fluid chamber to produce a

3,989,043
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linearly variable flow impedance between low and
high levels which is a function of the vertical posi-

tion of said float within said first fluid chamber; and __ '

. means for fixedly axially adjusting the position of
the drip chamber with respect to said first and
second fluid chamber to permit adjustment of the

position of said lower conical valve seat of said first
fluid chamber with respect to said conical projec-
tion extending from the float of said first fluid
chamber to thereby adjust the flow impedance of
said solution between said conical projection and

said conical valve seat.
| - - - * ¥ -
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